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SUMMARY 

A supplementary investigation has been conducted i n  the Langley 
20-foot free-spinning tunnel t o  determine the e f f e c t  of ex terna l  s to re s  
and l a t e r a l  center-of-gravity displzcement upon the spln and spin- 
recovery cha -ac t e r i s t i c s  of a - -  ' scale  model of  the McDonnell F2H-3 air- 

plane. 
and recovery cha rac t e r i s t i c s  o f  the model were determined with wing-tip 
tanks i m t a l l e d  and with an experimental aerodyriamic: shape i n s t a l l e d  i n  
combinaiion with EL tank on the opposite wing t i p  with the  center  of grav- 
i t y  a l t e r n a t e l y  on center  l a t e r a l l y  and displaced l a t e r a l l y  by simulating 
a var iab le  amount of f u e l  i n  the  tank. T e s t s  were also made with the 
aerodynamic shape alone in s t a l l ed  with the  center  of g rav i ty  displaced 
l a t e r a l l y .  

20 
The e f f e c t s  of contra1 se t t ings  a d  movement upm the e r e c t  spin 

.- 
With wing-tip tanks in s t a l l ed  and the  center  of g rav i ty  of t he  model 

on center  l a t e r a l l y ,  the  recovery c h a r a c t e r i s t i c s  were sa t i s f ac to ry .  
When, nowever, the  center  of gravi ty  w a s  on center  l a t e r s l l y  with the 
experheritr t l  aerodynamic shape ard one pkirt ially f u l l  t i p  tank in s t a l l ed ,  
the recovery cha rac t e r i s t i c s  or' the model were unsat isfactory.  
center  of grav i ty  w a s  displaced l a t e r a l l y  with t i p  tanks i n s t a l l e d  or  
with the experimental. aerodynamic shape an6 one taiiik ins t&led  =I: the 
opposite w i n g  t i p ,  the recovery cha rac t e r i s t i c s  of t he  model were unsatis-  
fac tory  only i n  the d i rec t ion  opposite t o  the  lateral  center-of-gravity 
displacement (i.e. r i g h t  wing heavy, l e f t  sp in  recovery unsat isfactory 

When the  
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o r  l e f t  wing heavy, r i g h t  spin recovery unsa t i s fac tory) .  
were sa t i s fac tory  i n  e i t h e r  direction, however, when the experimental 
aerodynamic shape alone w a s  ins ta l led.  

Recoveries 

INTRODUCTION 

In accordance with a request of the  Bureau of Aeronautics, Navy 
Department, supplementary spin t e s t s  were performed i n  the Langley 
20-foot free-spinning tunnel t o  determine the e f f e c t  of external. s tores  
and l a t e r a l  center-of -gravity displacement upon the spin and spin- 
recovery cha rac t e r i s t i c s  of a - - scale model of the Mcknnel l  F2H-3 a i r -  
p l m e .  Tests were performed previously i n  the Langley 20-foot f r ee -  
spinning tunnel on the - -  I scale model with the center  of gravi ty  on 
center  l a t e r a l l y  with and without t i p  tanks in s t a l l ed .  These tests are 
reported in reference 1. These t e s t s  were undertaken t o  invest igate  the 
possible cause of a crash of a Mchnnell F2H-3 airplane i n  an asymmetric 
l a t e r a l  mass condition during t e s t s  of the a i le ron  power-boost system. 
The airplane and corresponding model tests were conducted with one wing-  
t i p  tank full (170 gallons of fuel,  f u l l  sca le )  and the o ther  wing-tip 
tank empty. 
only half  f u l l  (85 gallons, f u l l  sca le ) .  In addition, the present inves- 
t i g a t i o n  included tests t o  determine the e f f e c t  of i n s t a l l i n g  an experi-  
mental aerodynamic shape weighing e i t h e r  1730 o r  3300 pounds, f u l l  scale,  
under one wing with o r  without an empty, p a r t i a l l y  f u l l ,  o r  f u l l  wing-tip 
tank in s t a l l ed  on the opposite wing. 

1 
20 
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Model tests were also conducted with both wing-tip tanks 
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SYMBOLS 

w i n g  span, f t  

w i n g  area, sq f t  

m e a n  aerodynamic chord, f L  

r a t i o  of distance of center of grav i ty  rearward of 
leading edge of mean aerodpamic chord t o  mean aero- 
dynamic chord 

r a t i o  of distance of l a t e r a l  center of grav i ty  from plane 
o f  symmetry of model t o  m e a n  aerodynamic chord 
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r a t i o  of distance between center of gravi ty  and fuselage 
reference l i n e  to m e a n  aerodynamic chord, pos i t ive  
when center of gravity i s  bsl.ow reference l i n e  

mass of airplane,  slugs 

moments of i n e r t i a  about X, Y, and Z body axes, 
respectively , slug-ft* 

i n e r t i a  yawing-moment parameter 

i n e r t i a  rolling-moment parameter 

i n e r t i a  pitching-moment parameter 

P air  density,  slug/cu f t  

CI r e l a t i v e  densi ty  of airplane,  m/pSb 

U angle between fuselage reference l i n e  and v e r t i c a l  
(approx. eqdal to  absolute value of  axglc: of a t tack  
a t  plane of symmetry), deg 

angle between span axis and horizontal ,  deg 

fu l l - sca l e  t rue  r a t e  of descent, f t / s ec  

fu l l - s ca l e  angular veloc i ty  about spin axis, rps 

MODEL AM) ESTING TECHNIQUE 

1 
20 

The - - s c a l e  model of the McDonnell F2H-3 airplane used f o r  the 

t e s t s  of reference 1 was a l s o  csed f o r  the present investigation. 
wing- t i p  tanks and experimental aerodynamic shape were independently 
ba l las ted  t o  maintain dynamic s imi la r i ty  a t  a spin a l t i t ude  of  15,000 feet  
(p = 0.001496 slug per cubic foot ) .  
with wing-tip tanks in s t a l l ed  i s  shown i n  f igu re  1. The experimental 
aerodpamic shape a s  investigated on the model i s  shown as f igure  2. 
the ai rplane t h i s  experimental aerodynamic shape i s  i n s t a l l e d  under one 

The 
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wing 54 inches, f u l l  scale, from the plane of symmetry and a wing-tip 
tank i s  i n s t a l l e d  on the opposite wing t i p  with enough f u e l  i n  the t i p  
tank t o  bring the center of gravity on center  l a t e r a l l y . )  The dimen- 
s i o n a l  c h a r a c t e r i s t i c s  of the model as t e s t e d  are given i n  t a b l e  I. The 
tail-damping power f a c t o r  w a s  computed by t h e  method given i n  reference 2. 

The technique used f o r  obtaining and converting da ta  w a s  t he  same 
as that used f o r  the o r i g i n a l  F2H-3 model tests. (See ref. 1.) 

The precis ion of t he  measurements made and of the da ta  presented i s  
believed t o  be approximately the same as t h a t  l i s t e d  i n  reference 1. 

TEST CONDITIONS 

Tests of the model were conducted with f l a p s  and landing gear 
r e t r a c t e d  and canopy closed f o r  the  conditions l i s t e d  subsequently. For 
each condition invest igated only those s t o r e s  indicated w e r e  i n s t a l l e d  
on the  model: 

A. Center of grav i ty  on center l a t e r a l l y  

(1) Tip tanks half  full (85 gal lons i n  each tank, f u l l  s ca l e )  

( 2 )  Heavy experimental aerodynamic shape (3300 pounds, full 
sca l e )  i n s t a l l e d  under one wing and 82 gallons of f u e l  
simulated i n  the t i p  tank on the opposite wing 

B. Center of gravi ty  displaced l a t e r a l l y  

(1) One t i p  tank f u l l  (170 gallons,  full sca l e )  and the opposite 
tank empty 

( 2 )  Light experimental aerodynamic shape (1730 pounds, f u l l  
s ca l e )  i n s t a l l e d  under one wing and 170 gal lons of f u e l  
simulated i n  the t i p  tank on the opposite wing 

( 3 )  Heavy experimental aerodynamic shape (3300 pounds, f u l l  
s ca l e )  i n s t a l l ed  under one wing and an empty t i p  tank 
on the opposite wing 

( 4 )  Heavy experimental aerodynamic shape (3300 pounds, f u l l  
s ca l e )  i n s t a l l e d  under o x  wliig 

The mass c h a r a c t e r i s t i c s  and i n e r t i a  parameters f o r  these loadings and 
f o r  other  loadings possible on the airplane with ex terna l  s t o r e s  i n s t a l l e d  
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are shown i n  tab le  I1 and plot ted i n  f igure 3. A s  discussed i n  r e fe r -  
ence 3, f igure  3 has been used in  the pas t  as an a id  i n  predict ing the 
r e l a t i v e  effectiveness of the controls on the recovery cha rac t e r i s t i c s  
of models with the center of gravity on center  l a t e r a l l y .  

The model i n  the clean condition w a s  ba l las ted  f o r  the take-off 
loading i n  accordance with the mass information reported i n  reference 1. 
The wing-tip tanks and experimental aerodynamic shape were independently 
ba l las ted  so t h a t  with the addition of the appropriate ex terna l  s to re s  
the proper mass d i s t r ibu t ion  of the model w a s  obtained. 

For convenience, the l i g h t  (1730 pounds, f u l l  sca le )  condition o f  
the experimental aerodynamic shape w i l l  here inaf te r  be referred t o  as 
the experimental aerodynamic shape 1 and the heavy (3300 pounds, f u l l  
s ca l e )  conditicn of the ex-perimental aerodynamic shape w i l l  hereinaf ter  
be re fer red  t o  as  the experimental aerodynamic shape 2. 

The maximum control  deflections used for the current t e s t s ,  the  
same as those used i n  reference 1, were: 

Rudder, deg . . . . . . . . . . . . . . . . . . . .  20 r igh t ,  20 l e f t  
Elevator, deg . . . . . . . . . . . . . . . . . . . .  15 up, 15 down 
Ailerons, deg . . . . . . . . . . . . . . . . . . . .  20 up, 20 down 

RESULTS AND DISCUSSION 

The r e s u l t s  of the spin t e s t s  a re  presented i n  char t s  1 to  6. 

A s  i s  customary i n  spin-tunnel t e s t ing ,  model spins were made t o  
both r i g h t  and l e f t  i n  order t o  evaluate the e f f e c t s  of any inadvertent 
aerodynamic asymmetry inherent i n  the model. In  those instances where 
s ign i f icant  differences i n  r e su l t s  f o r  r i gh t  and l e f t  spins were obtain- 
able without a measurable difference in dimensional cha rac t e r i s t i c s  of 
the model, it w a s  f e l t  t h a t  the corresponding airplane might exhib i t  a 
range of recoveries; therefore,  the range of recoveries obtained on the  
model are presented. 
a i rplane a t  a tes t  a l t i t u d e  of  15,030 f e e t .  

The model data are given i n  terms of the fu l l - s ca l e  

Wing-Tip Tanks Ins t a l l ed  

85 gallons of f u e l  i n  each wing-tip tank.- The r e s u l t s  of spin tes ts  
of  the model simulating 85 gallons of f u e l  i n  each wing-tip tank (loading 
point  2 i n  tab le  I1 aad f i g .  3 )  are presented i n  char t  1. The model spins  
for all control  configurations were very s teep with the r a t e  of descent of 
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the  model exceeding the maximus; airspeed a t ta inable  i n  the tunnel. The 
r e s u l t s  of the model t e s t s  indicated t h a t  the  recovery c h a r a c t e r i s t i c s  
of t h e  F2H-3 airplane f o r  t h i s  loading condition w i l l  be s a t i s f a c t o r y  
by rudder r eve r sa l  alone. It i s  recomnended, however, t h a t  normal recov- 
e ry  technique ( f u l l  rudder reversal  followed approx. 1 / 2  t u rn  l a t e r  by 
movement of the  e leva tor  down), similar t o  t h a t  recommended i n  refer- 
ence 1, be used f o r  recovery from spins of the  airplane.  

1-70 gal lons of f u e l  i n  one wing-tip tank and the  o ther  wing-tip 
tank empty.- The r e s u l t s  of tes ts  o f  the  model simulating 170 ga l lons  of 
f u e l  i n  one t i p  tank and with the  other tank empty (loading point  3 i n  
t ab le  I1 and f ig .  3) are presented i n  char t  2. When the  f u l l  t i p  tank 
w a s  on the  inboard wing ( r i g h t  wirg; heavy i n  a r i g h t  spin o r  l e f t  wing 
heavy i n  a l e f t  sp in )  the  model spins f o r  all control  conf igmat ions  were 
very s teep with the  rate of descent of the model exceeding the  maximum 
vert ical .  ve loc i ty  of t he  tunnel. The results of  the model tes ts  ind i -  
ca t e  s a t i s f ac to ry  recovery cha rac t e r i s t i c s  f o r  the  F2H-3 a i rp lane  with 
170 gal lons of f u e l  i n  the  inboard wing-tip t a n k  and with the  outboard 
wing-tip tank empty, provided both rudder and e leva tor  are reversed f o r  
recovery regardless  of the  posi t ion of t he  ai lerons.  When, however, the 
f u l l  t i p  tank w a s  on the outboard wing ( l e f t  wing heavy i n  a r i g h t  spin 
o r  r i g h t  wing heavy i n  a l e f t  spin),  r e s u l t s  of t he  t es t s  presented i n  
char t  2 ind ica te  a s teep spin w i t h  rap id  recoveries  f o r  t he  a i le ron- fu l l -  
with, e levator-ful l -up spin and e i the r  f l a t  spins  with poor recoveries  
o r  s teep  spins  with rap id  recoveries f o r  the  normal cont ro l  configurat ion 
( a i l e rons  neutral ,  e leva tor  f u l l  up) and f o r  the  ai lerons-ful l -against ,  
e levator-ful l -up spin. It i s  f e l t  t h a t  t he  r e s u l t s  presented i n  char t  2 
ind ica te  the  range of recoveries  possible when the airplane i s  spun with 
outboard wing heavy. On the basis of these r e s u l t s ,  me recovery charac- 
t e r i s t i c s  of the  F2H-3 airplane are considered unsa t i s f sc tory  f o r  t he  
condition with 170 gal lons of f u e l  i n  the  outboard f u e l  tank and the  
inboard f u e l  tank empty. 
F2H-3 t e s t  a i rplane f o r  t h i s  loading condition could possibly have r e su l t ed  
from f a i l u r e  t o  recover from a spin. 

It thus appears t h a t  the  crash of the  McDonnell 

Experimental Aerodynamic Shape I n s t a l l e d  

Experimental aerodynamic shape 1 i n s t a l l e d  on one wing and 170 ga l -  
lons  of f u e l  i n  the wing-tir, tank on the. oDDosite w i m . -  The r e s u l t s  of 

v L + *  - 
t es t s  obtained with the  experimental aerodynamic shape 1 (1730 pounds, 
f u l l  s ca l e )  i n s t a l l e d  on one wing and 170 gal lons of f u e l  simulated i n  
the t i p  tank on the  opposite wing as i l l u s t r a t e d  i n  f igu re  2 (loading 
point  4 i n  table X I  and f i g .  3)  are presented i n  char t  3. For  thls csn- 
f igu ra t ion  the  center  of grav i ty  was displaced l a t e r a l l y  toward the  f u l l  
wing-tip tank. When the  f u l l  t i p  tank w a s  on the  inboard wing (center  of 
g rav i ty  displaced la te ra l ly  t o  the r i g h t  i n  a r i g h t  sp in ) ,  the  spins  were 
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very s teep  with the  rate of descent of the model exceeding the m a x i m u m  
v e r t i c a l  ve loc i ty  of the  tunnel and recoveries  by reversa l  of rudder and 
e l eva to r  were rapid.  
(center  of g rav i ty  displaced l a t e r a l l y  t o  the l e f t  i n  a r i g h t  sp in) ,  
hcwever, poor recoveries  were indicated f o r  spins  with the  e leva tors  
f u l l  up when t h e  a i le rons  were set t o  neu t r a l  o r  aga ins t  the spin, bu t  
setting the  a i l e rons  t o  f u l l  with the spin had a favorable effect on 
recoveries.  The recovery cha rac t e r i s t i c s  of t he  airplane are thus  con- 
s idered unsa t i s fac tory  when the center of g rav i ty  i s  displaced laterally 
towards the outboard w i n g  ( l e f t  wing heavy i n  a r i g h t  sp in) .  

When the  f u l l  t i p  tank w a s  on the outboard w i n g  

Experimextal aerodynamic shape 2 i n s t a l l e d  on one wing and an empty: 
wing-tip tank i n s t a l l e d  on the  opposite wing.- The r e s u l t s  of tests 
obtained with the experimental aerodynamic shape 2 (3300 pounds, f u l l  
s ca l e )  i n s t a l l e d  on one wing and an empty t i p  tank i n s t a l l e d  on the 
opposite wing (loading point 3 i n  h b l e  I1 and f ig .  3) a re  presented i n  
char t  4. 
l a te ra l ly  toward the  experimental aerodynamic shape. Resul ts  f o r  t h i s  
loading condition were similar t o  those obtained f o r  t he  previous condi- 
t i o n  i n  t h a t  unsat isfactory recoveries were obtained when the center  of 
g rav i ty  w a s  displaced l a t e r a l l y  towards the  outboard wing, whereas satis- 
f ac to ry  recoveries  were obtained when the  center  of grav i ty  w a s  displaced 
towards the  inboard w i n g .  

For t h i s  loading condition, the  center  of grav i ty  w a s  displaced 

Experimental aerodynamic shape 1 o r  2 i n s t a l l e d  on one w i n g  and suf- 
f i c i e n t  f u e l  i n  the  wing-tip tank on the  opposite wing t o  br ing the center  
of grav i ty  on center  l a t e r a l l y . -  Test r e s u l t s  with the  experimental aero- 
dynamic shape 2 (3300 pounds, f u l l  s ca l e )  i n s t a l l e d  on one wing and 
82 gal lons of f u e l  simulated i n  the wing-tip tank on the  opposite wing 
t o  br ing  the  center  of grav i ty  on center l a t e r a l l y  (loading point  6 i n  
t ab le  I1 and f i g .  3 )  are presented i n  char t  5. Results obtained on the  
model when spun with the  experimental aerodynamic shape 2 on e i t h e r  t he  
inboard o r  outboard wing were s i m i l a r ,  and therefore  only one set of 
t es t  r e s u l t s  i s  presented i n  t h e  chart. Although sa t i s f ac to ry  recoveries  
w e r e  obtained f o r  the normal control configuration, a f l a t  spin with a 
32 - t u r n  recovery w a s  indicated as possible f o r  t he  c r i t e r i o n  sp in  (ele- 

va to r  f u l l  up, a i l e rons  - agains t ) .  

the  c r i t e r i o n  spin on the  model i s  considered an indica t ion  of unsa t i s -  
f ac to ry  recovery cha rac t e r i s t i c s  f o r  t he  corresponding airplane,  the 
recovery c h a r a c t e r i s t i c s  of the F2H-3 airplane f o r  t h i s  loading condition 
are thus  considered unsat isfactory.  

1 

1 1 
3 2 Inasmuch as a 3- - turn  recovery from 

Analysis ind ica tes  t ha t ,  if experimental aerodynamic shape 1 i s  
i n s t a l l e d  and balanced l a t e r a l l y  by placing s u f f i c i e n t  f u e l  (27 gallons,  
f u l l  s ca l e )  i n  the t i p  tank on the  opposite wing t o  br ing the  center  of 
g rav i ty  on center  l a t e r a l l y  (loading point  7 i n  t a b l e  I1 and f i g .  3 ) ,  the  
spin-recovery c h a r a c t e r i s t i c s  o f  the a i rp lane  may a l s o  be unsat isfactory.  
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Experimental aerodynamic shape 1 o r  2 i n s t a l l e d  on one wing and no 
wing-tip tank in s t a l l ed . -  The r e s u l t s  of tests obtained with the experi-  
mental aerodynamic shape 2 (3300 pounds, f u U  sca l e )  i n s t a l l e d  on one 
wing and no t i p  tank i n s t a l l e d  on opposite wing (loading point  8 i n  
table I1 and f i g .  3) are presented i n  cha r t  6. With the  experimental 
aerodynamic shape i n s t a l l e d  e i t h e r  on the  inboard wing o r  the  outboard 
wing, the  r e s u l t s  were s i m i l a r  with s teep  spins  and r ap id  recoveries  
general ly  being obtained. Inasmuch as the  model r e s u l t s  ind lca te  satis- 
fac tory  recoveries  f o r  t he  c r i t e r i o n  spin (elevator  f u l l  up, a i le rons  1/3 
aga ins t )  even when the  center  of gravi ty  w a s  displaced l a t e r a l l y  towards 
the outboard wing, the  recovery cha rac t e r i s t i c s  of the  airplane should 
be sa t i s f ac to ry  f o r  t h i s  loading condition. Analysis ind ica tes  t h a t  
s i m i l a r  r e s u l t s  should be obtained with experimental aerodjnunic shape 1 
i n s t a l l e d  i n  place of aerodynanic shape 2 (loading point 9 i n  t ab le  I1 
and f ig .  3). 

These r e s u l t s  ind ica te  t h a t  when the experimental aerodynamic shape 
alone i s  i n s t a l l e d  on the  model on the outboard wing, a n  aerodynamic a n t i -  
sp in  yawing moment i s  probably produced which provides f o r  s a t i s f ac to ry  
recoveries  despi te  t he  f a c t  t h a t  the center  of g rav i ty  i s  displaced l a t -  
e r a l l y  toward the  outboard w i n g .  
p lacing the  center  of grav i ty  toward the outboard wing had an adverse 
e f f e c t  on recoveries . )  Use, it appears t h a t  placing a wing-tip tank on 
the  inboard wing produces an aerodynamic e f f e c t  which tends t o  promote 
the spin. However, witn the experimental aerodynamic shape i n s t a l l e d  on 
the outboard wing and the  cent2r  of g rav i ty  displaced l a t e r a l l y  outboard, 
unsat isfactory recoveries  were obtained when a t i p  tank was i n s t a l l e d  on 
the  inboard wing; whereas, s a t i s f ac to ry  recoveries  were obtained when 
the  t i p  tank w a s  removed f r m  the  inboard wing. 

(It has been shown previously t h a t  dis-  

Recommer,ded procedure f o r  recovery attempts.- It i s  recommended t h a t  
no in t en t iona l  spins  be made on t h e  F2H-3 airplane when the  center  of 
g rav i ty  i s  displaced l a t e r a l l y .  In t h e  event a sp in  i s  inadvertent ly  
entered, however, t he  a i le rons  should be moved t o  f u l l  with the spin 
during the inc ip ien t  phase of the sp in  and t h i s  cont ro l  movement should 
be followed immediately by normal manipulation of t he  cont ro ls  ( f u l l  
rudder reversa l  followed approx. 1/2 t u r n  la te r  by movement of t h e  ele- 
va to r  down). If recovery does not appear imminent f o r  any loading con- 
d i t i o n  with ex terna l  s to re s  ins ta l led ,  it i s  recommended t h a t  t h e  external 
s t o r e s  be je t t i soned  and another attempt a t  recovery be made by normal 
use of controls .  

CONCLUSIONS 

1 
Based upon the  r e s u l t s  of supplementary tes ts  of a 20 - sca le  model 

of t he  McDonnell F2H-3 airplane,  the following conclusions and 
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recommendations regarding the spin and recovery cha rac t e r i s t i c s  of the 
airplane with external  s tores  in s t a l l ed  f o r  a spin- tes t  a l t i t u a e  of 
13,000 feet  are  made: 

1. With wing-tip tanks ins ta l led ,  recoveries w i l l  be sa t i s f ac to ry  
by normal use of the controls  (full reversa l  of the rudder followed 
1/2 tu rn  later by movement of the elevator  down) i f  the center  of gravi ty  
i s  on center  l a t e r a l l y  o r  if the center of gravi ty  i s  displaced l a t e r a l l y  
inboard. 
( l e f t  wing heavy in  a r i g h t  spin),  unsat isfactory recoveries w i l l  prob- 
ably be obtained. It appears t h a t  the crash of the McDonnell F2H-3 air- 
plane when flown with one t i p  tank f u l l  (170 gal lons)  and the other  tank 
empty could possibly have resul ted from f a i l u r e  t o  recover from a spin. 

When the  center  of gravity i s  displaced l a t e r a l l y  outboard 

2. With the experimental aerodynamic shape md a t i p  tank ins t a l l ed ,  
recoveries w i l l  be sa t i s fac tory  by normal use of controls  when the center  
of grav i ty  i s  displaced l a t e r a l l y  inboard. With the center of grav i ty  
on center  l a t e r a l l y  o r  displaced l a t e r a l l y  outboard, recoveries may be 
unsat isfactory.  

3. Recoveries w i l l  be sa t i s fac tory  by normal use of the co?trols  
when the experimental aerodynamic shape alone i s  ins ta l led .  

4. If recovery does not appear imminent a f t e r  normal manipulation 
of the controls  f o r  any combination o f  the external  s tores  i n s t a l l e d  on 
the airplane,  it i s  recommended that  the  ex terna l  s to re s  be je t t i soned  
and another attempt at  recovery be made. 

Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field,  Va.  

v Jack H. Wilson 
Aeronautic a1 R e  se arch Scient i s t 

c 

Approved : 
Thomas A. Harris 

Chief of S t a b i l i t y  Research Division 
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TABLE I. - D D E " 1 O N A L  CHARACTERISTICS OF THE 

MCDONNELL ~ 2 ~ - 3  AIRPLANE 

11 

Over-611 length, f t  . . . . . . . . . . . . . . . . . . . . . .  48.04 

Wing: 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  41.7 
Area, s q f t  . . . . . . . . . . . . . . . . . . . . . . . . .  294.0 
Section, wing-fold . . . . . . . . . . . . . . . . . .  NACA 631-212 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . . .  -0.5 
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  5.9 

3.0 Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord, in.  . . . . . . . . . . . . . . . . .  88.4 
Leading edge of F rearward of leading edge of root chord, i n .  . 0 

Ailerons: 
M e a n  chord, rearward of hinge l ine,  f t  . . . . . . . . . . .  1.24 
Span, percent b/2 . . . . . . . . . . . . . . . . . . . . . .  32.8 

Horizontal t a i l  surfaces: 
Total  area, sq f t  . . . . . . . . . . . . . . . . . . . . . .  70.1 
S p a n , f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  17.8 
Elevator area, rearward  hinge l ine ,  sq f t  . . . . . . . . . .  18.7 

Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Distance from 0.236-d t o  elevator hinge l i n e ,  f t  . . . . . . .  24.0 

Vert ical  t a i l  surfsces: 
Total  area, sq f t  . . . . . . . . . . . . . . . . . . . . . .  39.9 
Rudder area rearward hinge l ine ,  sq f t  . . . . . . . . . . .  9.6 
Distance from 0.256~ t o  rudder hinge l i n e ,  f t  . . . . . . . .  22.2 

Tail-damping power f ac to r  . . . . . . . . . . . . . . . . . .  0.000145 

Tail-damping r a t i o  . . . . . . . . . . . . . . . . . . . . . .  0.00% 

Side-area moment f ac to r  . . . . . . . . . . . . . . . . . . . .  0.6 

D 
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scale model of the  McDonnell Figure 1.- Three-view drawing of the - - 1 
20 

F2Ii-3 a i rplane as tes ted  i n  the Langley 20-foot free-spinning tunnel. 
Center of gravity i s  indicated fo r  the take-off loading plus a f u l l  
(170 gallons, full sca le )  l e f t  wing-tip tank and an empty right wing- 
t i p  tank. 
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